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By To obtain Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25 °C).
Introduction
In 2012, the U.S. Geological Survey (USGS), in cooperation with the Kickapoo Tribe of Oklahoma, compiled historical groundwater-quality data collected from 1948 to 2011 and water-well characteristics in parts of Lincoln, Oklahoma, and Pottawatomie Counties in central Oklahoma to support the development of a comprehensive water-management plan for the Tribe's jurisdictional area ( fig. 1) . Wells in the study area produce water from aquifers in the North Canadian River alluvium and terrace deposits and from the underlying Garber Sandstone and Wellington Formation that compose the Garber-Wellington aquifer and the Chase, Council Grove, and Admire Groups. The bedrock aquifers are part of a complex of sandstone, siltstone, and mudstone rocks, referred to as the "Central Oklahoma aquifer," that underlies about 2,890 square miles of central Oklahoma ( fig. 1 ) and is the primary water supply for municipal, domestic, industrial, and agricultural needs (Tortorelli, 2009 ). Water quality varies substantially between the North Canadian River alluvial and terrace aquifers and bedrock aquifers in the study area. Water from the alluvial aquifer has relatively high concentrations of dissolved solids and generally is used for livestock only, whereas water from the terrace aquifers has low concentrations of dissolved solids and is used extensively by households in the study area (Bingham and Moore, 1975) . Water from the bedrock aquifers also is used extensively by households but may have high concentrations of trace elements, including radionuclides, in some areas where groundwater pH is above 8.0 (Becker, 2013) . The trace elements occur naturally in the bedrock and in low concentrations in groundwater throughout the extent of the bedrock aquifers (Christenson and Havens, 1998; Schlottmann and others, 1998) .
Well yields vary and are dependent on aquifer characteristics and well-completion practices. Well yields in the unconsolidated alluvial and terrace aquifers generally are higher than in bedrock aquifers but are limited by the thickness and extent of these river deposits (Bingham and Moore, 1975) . Wells completed in the underlying consolidated bedrock aquifers have smaller yields in the eastern parts of the tribal jurisdictional area because the bedrock becomes shalier and is less permeable (Bingham and Moore, 1975; Becker, 2013) .
Purpose and Scope
The purpose of this report is to provide information about groundwater quality and water-well characteristics in the Kickapoo Tribe of Oklahoma Jurisdictional Area in parts of Lincoln, Oklahoma, and Pottawatomie Counties. The information is displayed on maps, listed in tables, and described in the text of the report. Locations of 155 wells that have historical water-quality information from samples collected by the USGS are shown on a map (plate 1). These samples were collected from 1948 to 2011 and may include measurements of the water properties pH, specific conductance, and calcium hardness and concentrations of naturally occurring constituents having Maximum Contaminant Levels (MCLs) or Secondary Maximum Contaminant Levels (SMCLs) in public drinkingwater supplies (table 1). The water-quality information and summary statistics are provided on tables (tables 2 and 3). Ranges of well yield and depth of water wells drilled by licensed well drillers are shown on a second map (plate 2). This information is overlaid on shaded contours showing depth to water in feet below land surface.
Aquifer Descriptions
In the study area, water wells produce water from alluvial and terrace aquifers along the North Canadian River and the underlying bedrock aquifers. These aquifers are unconfined (water-table) aquifers that are hydraulically connected but contain discontinuous beds of clay that locally slow the downward movement of groundwater (Christenson and Havens, 1998).
Alluvial and Terrace Aquifers
In Oklahoma, aquifers in the alluvium and terrace deposits along rivers and streams consist of unconsolidated lens-shaped beds of sand, silt, clay, and gravel. Alluvium is located in river valleys and active stream channels, whereas terrace deposits are located at higher elevations and were deposited during previous episodes of flooding when the river bed was at a higher elevation. In central Oklahoma along major rivers, alluvium ranges from about 30 to 100 feet thick and averages about 50 feet thick. Terrace deposits can range from a few feet thick to about 100 feet thick and average about 50 feet thick along major streams in central Oklahoma (Bingham and Moore, 1975) . In the study area, alluvium and terrace deposits are very permeable and are major sources of water where thick enough to sustain acceptable yields (Bingham and Moore, 1975) .
Groundwater quality varies in the alluvial and terrace aquifers. In the study area, groundwater from the North Canadian River alluvium is typically of fair-to-poor quality having high dissolved solid concentrations (Bingham and Moore, 1975) . Groundwater from the alluvium generally is used only for irrigation or livestock. In contrast, groundwater from the terrace deposits originates primarily from precipitation and has low dissolved solids content and tends to be acidic. Water from wells in the terrace deposits is used extensively for domestic use along the North Canadian River Valley in the study area (Bingham and Moore, 1975; Becker, 2013) .
Bedrock Aquifers
Bedrock aquifers in the study area are part of the Central Oklahoma aquifer and consist of the Garber-Wellington aquifer and the Chase, Council Grove, and Admire Groups ( fig. 1 ). The Garber-Wellington aquifer is composed of the Garber Sandstone and the Wellington Formation and is the major source of water for domestic use, public supply, irrigation, industry, and other uses in central Oklahoma (Tortorelli, 2009) . The Garber Sandstone consists of lenticular beds of orange-brown fine-grained sandstone interbedded with siltstone and mudstone and small amounts of conglomerate (Breit, 1998) . The lithology of the Wellington Formation is similar to that of the Garber Sandstone, but finer grained, containing a larger percentage of siltstone and mudstone. The Chase, Council Grove, and Admire Groups, also referred to as the Oscar Group by Bingham and Moore (1975) , consist of redbrown to gray shale and orange-brown, fine-grained, crossbedded sandstone.
All of the bedrock units in this area gently dip in a westerly direction at about 50 feet per mile (Christenson and Havens, 1998) and become shalier (finer grained) in an easterly direction and with depth (Schlottmann and others, 1998), yielding less water in those parts of the aquifer. Previous mapping indicated that only about 16 percent of the Chase, Council Grove, and Admire Groups consist of sandstone, whereas sandstone content of the Garber-Wellington aquifer ranges from about 70 percent in the northwest corner of the jurisdictional area to about 30 percent in the southeastern part of the study area (Schlottmann and others, 1998, fig. 3 ). 
Selenium (µg/L) -50
Loss of hair or fingernails, numbness in fingers and toes, and circulatory problems.
Zinc (µg/L) 5,000 -Metallic taste.
Increased risk of kidney disease and cancer.
Gross alpha-particle activity (pCi/L) -15 Increased risk of cancer.
Gross beta-particle activity (pCi/L) -4 millirems per year 4 Increased risk of cancer.
Lung cancer.
1 U.S. Environmental Protection Agency (2012b).
2 U.S. Environmental Protection Agency (2012a).
3 Copper and lead are regulated by a treatment technique that requires systems to control the corrosiveness of the water. If more than 10 percent of tap water samples exceed the Maximum Contaminant Level (MCL) of either constituent, then water systems must take corrective steps. For copper, the action level is 1,300 µg/L, and for lead it is 15 µg/L. 4 The MCL is a concentration of beta-particle activity from radionuclides in drinking water that produces an annual radiation dose of 4 millirems per year (U.S. Environmental Protection Agency, 2000). 5 The MCL for radon in public water-supply systems will be 4,000 pCi/L if multimedia mitigation programs are established to address radon in indoor air. A second option is an MCL of 300 pCi/L for systems that choose not to develop multimedia mitigation programs (U.S. Environmental Protection Agency, 2012a).
Methods
Historical water-quality information for 155 water wells in the Kickapoo Tribal Jurisdictional Area was retrieved from the USGS National Water Information System (NWIS) database (U.S. Geological Survey, 2012a) (plate 1) in January 2012 and includes well depth; measurements of pH, specific conductance, dissolved solids, and hardness; and concentrations of the major ions, trace elements, and radionuclides that have MCLs or SMCLs in public drinking-water supplies (U.S. Environmental Protection Agency, 2012a, 2012b) (tables 2, at end of report, and 3). Information about other constituents that were measured in the samples but are not shown in table 2 can be found in the USGS NWIS database (U.S. Geological Survey, 2012a).
Well depths, water properties, and selected constituent concentrations (of sampled wells on table 2) were summarized statistically (table 3) . The median water-property value or chemical constituent concentration was used for calculating statistics when multiple analyses were collected from one well. Twelve chloride concentrations were less than the reporting level and were not used to calculate summary statistics.
Information for ranges in well depth and well yield shown on plate 2 was retrieved from the Oklahoma Water Resources Board Multi-Purpose Well Completion Report database in November 2011 (Oklahoma Water Resources Board, 2011) . This database contains well-completion information submitted to the Oklahoma Water Resources Board by licensed well drillers from 1982 to 2011. The information shown on plate 2 was not statistically summarized.
The number of wells used to compute ranges of well depths and well yields varied from 1 to 93 per Public Land Survey System section and is shown in parentheses in each section on plate 2. Well depths are described in feet below land surface, and well yields are listed in gallons per minute. Sections that did not have any reported wells do not show ranges. The information on plate 2 should be used with caution, as the accuracy of well depths, well yields, and well locations submitted by well drillers has not been field verified by the Oklahoma Water Resources Board or the USGS.
Plate 2 also shows depth to water from land surface by using shaded 30-foot contours that were created by using a geographic information system and spatial layers of the 2009 potentiometric surface (groundwater elevation) in the Central Oklahoma aquifer (Mashburn and Magers, 2011) and the land-surface elevation (U.S. Geological Survey, 2006). The potentiometric-surface map (Mashburn and Magers, 2011) was converted from a vector dataset having a contour interval of 50 feet to a raster dataset having a 10-meter grid cell resolution by using the ESRI (ESRI Inc., Redlands, California) ArcGIS 10.0 command TopoToRaster (ESRI Inc., 2012a). The landsurface-elevation spatial layer was a raster product of the National Elevation Dataset which has a 10-meter grid cell resolution (U.S. Geological Survey, 2006) . Depth to water in feet was computed as the difference between the two raster datasets by using the ArcGIS 10.0 Raster Calculator Tool (ESRI Inc., 2012b).
Groundwater Quality
The historical water-quality data (table 2) for the 155 wells (plate 1) may contain information about pH and concentrations of the major ions, trace elements, and radionuclides that have an MCL or SMCL for public drinking-water supplies (U.S. Environmental Protection Agency, 2012a Agency, , 2012b . The number of analyses and the number of constituents analyzed for each well varied. Some wells had multiple samples analyzed for many constituents, whereas other wells may have had only pH measured.
The quality of water from private wells is not regulated, so the MCLs and SMCLs should be used only as guides for substances that may pose problems for human health or water uses (table 1 ). An MCL is a constituent concentration that cannot be legally exceeded in public drinking-water supplies. Constituents that have an MCL are considered hazardous to health when they are consumed for a lifetime at concentrations exceeding the MCL. For example, the MCL for uranium in public drinking-water supplies is 30 micrograms per liter, the exposure level likely to cause a 1 in 10,000 risk of developing a fatal cancer over a lifetime of 70 years of consuming 2 liters (0.53 gallon) of water a day (U.S. Environmental Protection Agency, 2000) . More information about the health effects of consuming groundwater constituents at concentrations exceeding MCLs can be found in U.S. Environmental Protection Agency (2012b). An SMCL is a constituent concentration that is recommended and is used as a guideline for constituents that may have negative aesthetic effects at high concentrations. For example, concentrations of iron or manganese that exceed the SMCL may cause staining of water fixtures and give water a metallic taste but are not considered hazardous to health.
Wells were color-coded on plate 1 to indicate if constituent concentrations in a sample exceeded an MCL and (or) an SMCL. The water-quality data are listed in table 2. Color codes on plate 1 indicate water quality as follows:
• black, all constituent concentrations were below the MCLs and SMCLs;
• blue, one or more constituent concentrations or pH exceeded the SMCL;
• red, one or more constituent concentrations exceeded the MCL;
• red/blue, one or more constituent concentrations or pH exceeded the SMCL and MCL.
Summary statistics indicate that the pH of 152 samples collected in the study area ranged from 5.2 to 8.9 with median and mean values of 7.3 (table 3). Samples from shallow wells completed in the terrace aquifer tend to have a lower pH, whereas samples from deeper wells completed in the GarberWellington aquifer tend to have a higher pH (Becker, 2013) . The lower SMCL for pH is 6.5 because acidic groundwater can corrode metal pipes and water fixtures (table 1). The concentration of dissolved solids in a water sample is equal to the sum of all dissolved constituent concentrations and has an SMCL of 500 milligrams per liter (mg/L) in public drinking-water supplies (U.S. Environmental Protection Agency, 2012a). Specific conductance is the measurement of the ability of water to transmit an electrical current and is directly related to the concentration of dissolved constituents in water. For example, distilled water, which has no dissolved constituents but is a polar liquid, will conduct minimal electricity, whereas sea water, which contains high concentrations of the dissolved constituents sodium and chloride, is highly conductive. The concentration of dissolved solids in a water sample generally is measured by using laboratory methods, whereas specific conductance can be quickly and inexpensively measured in the field. Specific conductance values measured in samples from 146 wells ranged from 100 to 8,920 microsiemens per centimeter and had a median of 623 and a mean of 817 microsiemens per centimeter (tables 2 and 3). Concentrations of dissolved solids in 71 samples ranged from 81 to 8,310 mg/L with a median of 409 mg/L and a mean of 631 mg/L (tables 2 and 3).
Water hardness in the study area is caused primarily by dissolved calcium and magnesium. Hardness does not have an MCL or SMCL, but information on water hardness is useful for making decisions about water use and water treatment because hard water can leave buildup of scale on pipes and fixtures and requires larger amounts of soap and detergent for washing (U.S. Geological Survey, 2012b). Water with hardness concentrations greater than 180 mg/L (as calcium carbonate) is considered to be very hard (table 1) . Generally, groundwater in the study area is very hard, with concentrations in 132 samples ranging from 4.9 to 1,310 mg/L with a median of 201 mg/L and a mean of 224 mg/L (as calcium carbonate) (tables 2 and 3).
The SMCL for the major ions chloride and sulfate is 250 mg/L in public drinking-water supplies (U.S. Environmental Protection Agency, 2012a) (table 1). Chloride concentrations in 72 samples ranged from 4.7 to 1,100 mg/L with a median of 25 mg/L and a mean of 68 mg/L (tables 2 and 3). Sulfate concentrations in 115 samples ranged from 2.5 to 5,410 mg/L with a median of 24 mg/L and a mean of 107 mg/L (tables 2 and 3).
Groundwater from deep wells completed in the bedrock has the potential to contain high concentrations of the trace elements arsenic, chromium, selenium, and uranium (uranium also is a radionuclide) (Schlottmann and others, 1998; Becker, 2013) . These elements occur naturally in the bedrock and in low concentrations in groundwater throughout the extent of the bedrock aquifers in central Oklahoma (Christenson and Havens, 1998; Schlottmann and others, 1998) . Concentrations of these elements in groundwater are dependent in part on the presence of these elements in the bedrock and groundwater pH. Concentrations of trace elements in the bedrock tend to increase with depth and as the sediments become finer-grained (Schlottmann and others, 1998; Gromadzki, 2004) . At pH values greater than 8.0, these elements are liberated from the bedrock (if present) and are mobile in groundwater. Historical water-quality data show that water samples from three wells in the study area had concentrations of arsenic exceeding the MCL and that one sample had a concentration of selenium exceeding the MCL (plate 1 and table 2). Concentrations of uranium exceeded the MCL in water samples from 13 wells in the study area and 5 of these samples had high concentrations of dissolved radon gas (plate 1 and table 2). USGS studies have shown that groundwater pH values above 8.0 in the study area are useful indicators for potentially high concentrations of uranium (and the daughter product dissolved radon gas) in addition to arsenic, chromium, and selenium in groundwater when these elements are present in the bedrock along groundwater-flow paths (Schlottmann and others, 1998; Becker, 2013) .
Water-Well Characteristics
Well depth and an estimate of well yield in gallons per minute are typically reported by licensed well drillers for completed water wells in Oklahoma. This information can be used for making decisions about designing and constructing new wells for optimum well yield.
Depths of wells having historical water-quality data in the study area show that 50 percent of the wells ranged from 60 to 150 feet deep with a median well depth of 110 feet (tables 2 and 3). Wells completed in only the alluvium and terrace deposits tend to be shallower than wells in the bedrock aquifers (Bingham and Moore, 1975) . However, many wells completed in the terrace deposits also are completed in the underlying bedrock aquifer and yield water from multiple zones (Oklahoma Water Resources Board, 2011).
Well yields in the unconsolidated alluvial and terrace aquifers commonly range from 50 to 150 gallons per minute and may exceed 300 gallons per minute in some areas (Bingham and Moore, 1975) . Well yields in the bedrock aquifers commonly range from 25 to 50 gallons per minute in the western one-third of study area (Oklahoma County) and generally less than 25 gallons per minute in the eastern twothirds of the study area (Lincoln and Pottawatomie Counties) (Bingham and Moore, 1975) .
Summary
In 2012, the U.S. Geological Survey, in cooperation with the Kickapoo Tribe of Oklahoma, compiled historical groundwater-quality and water-well completion information in parts of Lincoln, Oklahoma, and Pottawatomie Counties to support the development of a comprehensive watermanagement plan for the Tribe's jurisdictional area. Wells in the study area produce water from the alluvial and terrace aquifers, the underlying Garber Sandstone and Wellington Formation that compose the Garber-Wellington aquifer, and the Chase, Council Grove, and Admire Groups.
Historical water-quality data for 155 water wells in the study area were retrieved from the U.S. Geological Survey National Water Information System database and include measurements of pH, specific conductance, and hardness and concentrations of the major ions, trace elements, and radionuclides that have Maximum Contaminant Levels or Secondary Maximum Contaminant Levels in public drinkingwater supplies. The quality of water from private wells is not regulated, so the Maximum Contaminant Levels and Secondary Maximum Contaminant Levels should be used only as guides for substances that may pose problems for human health or water uses. The pH of 152 samples collected in the study area ranged from 5.2 to 8.9 with median and mean values of 7.3. Water from shallow wells completed in the terrace aquifer tends to have a lower pH, whereas water from deeper wells completed in the bedrock aquifer tends to have a higher pH. USGS studies have shown that groundwater pH values above 8.0 in the study area are useful indicators for potentially high concentrations of uranium (and the daughter product dissolved radon gas) in addition to arsenic, chromium, and selenium in groundwater when these elements are present in the bedrock along groundwater-flow paths.
Ranges of yield and depth of private water wells are provided per Public Land Survey System section. This information was compiled from the Oklahoma Water Resources Board Multi-Purpose Well Completion Report database. Well yields vary and are dependent on aquifer characteristics and well-completion practices. Well yields in the alluvial and terrace aquifers generally are higher than in the bedrock aquifers but are limited by the thickness and extent of these river deposits. Well yields in the alluvial and terrace aquifers commonly range from 50 to 150 gallons per minute and may exceed 300 gallons per minute, whereas well yields in the bedrock aquifers commonly range from 25 to 50 gallons per minute in the western one-third of study area (Oklahoma County) and generally less than 25 gallons per minute in the eastern twothirds of the study area (Lincoln and Pottawatomie Counties). Table 2   Table 2 Table 2 . Water-quality information for wells shown on plate 1 in the study area in parts of Lincoln, Oklahoma, and Pottawatomie Counties, Oklahoma, 1948-2011 .
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